The properties of the Ξ(1530) resonance are investigated in the Λ + c → Ξ − π + K + decay process. The data sample was collected with the BABAR detector at the SLAC PEP-II asymmetric-energy e + e − collider operating at center of mass energies 10.58 and 10.54 GeV. The corresponding integrated luminosity is approximately 230 fb −1 . The spin of the Ξ(1530) is established to be 3/2. The existence of an S-wave amplitude in the Ξ − π + system is inferred, and its interference with the Ξ (1530) 0 amplitude provides the first clear demonstration of the Breit-Wigner phase motion expected for the Ξ(1530). The P1(cos θ Ξ − ) Legendre polynomial moment indicates the presence of a significant S-wave amplitude for Ξ − π + mass values above 1.6 GeV/c 2 , and a dip in the mass distribution at approximately 1.7 GeV/c 2 is interpreted as due to coherent addition of a Ξ(1690) 0 contribution to this amplitude. This would imply J P = 1/2 − for the Ξ(1690). Attempts at fitting the Ξ(1530) 0 lineshape yield unsatisfactory results, and this failure is attributed to interference effects associated with the amplitudes describing the K + π + and/or Ξ − K + systems.
The properties of the Ξ(1530) resonance are investigated in the Λ + c → Ξ − π + K + decay process. The data sample was collected with the BABAR detector at the SLAC PEP-II asymmetric-energy e + e − collider operating at center of mass energies 10.58 and 10.54 GeV. The corresponding integrated luminosity is approximately 230 fb −1 . The spin of the Ξ(1530) is established to be 3/2. The existence of an S-wave amplitude in the Ξ − π + system is inferred, and its interference with the Ξ(1530) 0 amplitude provides the first clear demonstration of the Breit-Wigner phase motion expected for the Ξ(1530). The P1(cos θ Ξ − ) Legendre polynomial moment indicates the presence of a significant S-wave amplitude for Ξ − π + mass values above 1.6 GeV/c 2 , and a dip in the mass distribution at approximately 1.7 GeV/c 2 is interpreted as due to coherent addition of a Ξ(1690) 0 contribution to this amplitude. This would imply J P = 1/2 − for the Ξ(1690). Attempts at fitting the Ξ(1530) 0 lineshape yield unsatisfactory results, and this failure is attributed to interference effects associated with the amplitudes describing the K + π + and/or Ξ − K + systems. 
I. INTRODUCTION
The Ξ(1530) is the only cascade resonance whose properties are reasonably well understood. It decays ∼ 100% to Ξπ and < 4% to Ξγ [1] , and its mass (PDG fit: m(Ξ(1530) 0 ) = 1531.80 ± 0.32 MeV/c 2 ) and width (PDG fit: Γ(Ξ(1530) 0 ) = 0.1 ± 0.5 MeV/c) are reasonably well known [1] . A spin-parity analysis of data on the reactions K − p → Ξ(1530) 0,− K 0,+ carried out by Schlein et al. [2] showed that J P = 3/2 + (i.e., P -wave) or J P = 5/2 − (i.e., D-wave) is favored, and that the data are consistent with J ≥ 3/2; however, they stated that spin > 3/2 is not required, and on this basis concluded that J P = 3/2 + . This conclusion was supported by ButtonSchafer et al. [3] in a similar analysis. Both experiments ruled out J = 1/2, but the claim that J > 3/2 was not required was the basis for the conclusion that J P = 3/2 + . In the present paper, the Ω − spin analysis procedures described in Ref. [4] are extended to the quasi-two-body decay Λ + c → (Ξ − π + )K + , for which the Ξ − π + invariant mass distribution exhibits a dominant Ξ(1530) 0 signal [5] . Under the assumption that the Λ + c has spin 1/2, it is established that the Ξ(1530) has spin 3/2. On the basis of the analyses of Refs. [2, 3] , it follows that positive parity is established.
The data sample and event selection procedures are described in Section II, and the Ξ(1530) spin measurement is presented in Section III. In Section IV, the amplitude structure in the Ξ(1530) region is investigated in some detail, and this is followed by an examination of the Ξ − π + system at higher mass values in Section V. The unsuccessful attempts at precise measurements of the mass and width of the Ξ(1530) 0 are presented in Section VI, and their implications considered. Finally, the conclusions drawn from this analysis are summarized in Section VII.
II. THE BABAR DETECTOR AND Λ
The data sample used for this analysis was collected with the BABAR detector at the PEP-II asymmetricenergy e + e − collider operating at center-of-mass (c.m.) energies 10.58 and 10.54 GeV, and corresponds to a total integrated luminosity of about 230 fb −1 . Charged particles are detected with a five-layer, double-sided silicon vertex tracker (SVT) and a 40-layer drift chamber (DCH) with a helium-isobutane gas mixture, placed in a 1.5-T solenoidal field produced by a su- ‡ Now at Tel Aviv University, Tel Aviv, 69978, Israel § Also with Università di Perugia, Dipartimento di Fisica, Perugia, Italy ¶ Also with Universita' di Sassari, Sassari, Italy perconducting magnet. The charged-particle momentum resolution is approximately (δp
2 , where p T is the transverse momentum in GeV/c. The SVT, with a typical single-hit resolution of 10 µm, measures the impact parameters of chargedparticle tracks in both the plane transverse to the beam direction and along the collision axis.
Charged-particle types are identified from the ionization energy loss (dE/dx) measured in the DCH and SVT, and from the Cherenkov radiation detected in a ringimaging Cherenkov device. Photons are detected by a CsI(Tl) electromagnetic calorimeter with an energy resolution σ(E)/E = 0.023 · (E/GeV ) −1/4 ⊕ 0.019. The return yoke of the superconducting coil is instrumented with resistive plate chambers for the identification and muons and the detection of neutral hadrons. The detector is described in detail in Ref. [6] .
The selection of Λ + c candidates requires the intermediate reconstruction of events consistent with Ξ − → Λ π − and Λ → p π − . Particle identification (PID) selectors based on specific energy loss (dE/dx) and Cherenkov angle measurements are used to identify the proton, pion, and kaon final state tracks [6] . Each intermediate state candidate is required to have invariant mass within a ±3σ window centered on the fitted peak position of the relevant distribution, where σ is the mass resolution obtained from the fit. A fit is then performed to the complete decay topology with the Λ and Ξ − candidates constrained to their known mass values [1] . The fit probability is required to be greater than 0.001 in order to ensure simultaneous satisfaction of the topological and mass constraint requirements; this reduces combinatorial background significantly and retains good signal efficiency. Since each weakly-decaying intermediate state (i.e., hyperon) is long-lived, an improvement of the signal-tobackground ratio is achieved by requiring that the decay vertex of each hyperon be displaced from its point of origin in the direction of its momentum vector. The distance between the Ξ − K + π + vertex and the Ξ − decay vertex in the plane perpendicular to the collision axis must exceed 1.5 mm in the Ξ − direction, and the distance between the Ξ − and Λ decay vertices must exceed 1.5 mm in the direction of the Λ momentum vector. Finally, the momentum of the Λ + c candidate in the e + e − c.m. frame p * is required to be greater than 2.0 GeV/c, since it is found empirically that this significantly reduces combinatorial background. The invariant mass spectrum of Λ + c candidates which satisfy these selection criteria before efficiency correction is shown in Fig. 1(a) . A signal yield of 13035±163 events is obtained from a fit which makes use of a signal function consisting of two Gaussians with a common center and a linear background function to the mass region 2.225 -2.360 GeV/c 2 . The fit yields half-width-half-maximum 5.1 MeV/c 2 and has chi-squared per degree of freedom (χ 2 /NDF) 19.6/20.
III. Ξ(1530) SPIN MEASUREMENT
The Dalitz plot for Λ
There is evidence for only one resonant structure, seen as the clear band at the nominal mass squared of the Ξ(1530) 0 . The background events in the signal region of Fig.1(a) are represented by the events from the combined sideband regions indicated in this figure, which correspond to the same mass range [7] . A corrected distribution associated with the Λ + c signal is obtained by subtraction (binby-bin) of the corresponding distribution for the sidebands from that for the signal region. This procedure is described as "sideband subtraction", and assumes linear mass dependence of the background. The sidebandsubtracted projection of the Ξ − π + invariant mass for the Λ + c signal region of Fig. 1 (a) is shown in Fig. 1 (b) . The helicity formalism [8, 9] is applied to the quasitwo-body decay Λ 0 mass region is dominated by a single spin state. As in Ref. [4] , it is assumed that the spin of the charm baryon is 1/2. The choice of spin quantization axis along the direction of the Ξ(1530) 0 in the charm baryon rest-frame (r.f.) has the result that the Ξ(1530) 0 inherits the spin projection of the charm baryon, since any orbital angular momentum in the charm baryon decay has no projection in this direction. It follows that, regardless of the spin J of the Ξ(1530) 0 , the density matrix which describes the Ξ(1530) 0 sample is diagonal, with non-zero values only for the ±1/2 spin projection elements, i.e., the helicity λ i of the Ξ(1530) 0 can take only the values ±1/2. Since the final state Ξ − and π + have spin values 1/2 and 0, respectively, the net final state helicity λ f also can take only the values ±1/2. The helicity angle θ Ξ − is defined as the angle between the direction of the Ξ − in the r.f. of the Ξ(1530) 0 and the quantization axis. Following the formalism of Ref. [4] , the angular distribution of the Ξ − is then given by the total intensity,
where the ρ i i (i = ±1/2) are the diagonal density matrix elements inherited from the charm baryon, and the sum is over all initial and final helicity states. The transition matrix element A is an element of the Wigner rotation matrix [10] , and the * denotes complex conjugation. The resulting Ξ − angular distribution integrated over φ is obtained for spin hypotheses
The efficiency-corrected Λ J Ξ(1530) = 1/2, 3/2, and 5/2, respectively, as follows:
The coefficient of the asymmetric term,
is zero as a consequence of parity conservation in the strong decay of Ξ(1530)
It should be noted that Eqs. 2-4 do not depend on any assumption as to the parity of the Ξ(1530).
The normalized angular distribution of the Ξ − obtained from Eq. 1, and expressed explicitly in Eqs. 2-4 for J = 1/2, 3/2 and 5/2, respectively, can be written in general as
where l max = 2J − 1, the value of each expansion coefficient P l depends on J, and, if l is odd, P l = 0. The Legendre Polynomials satisfy
For a data distribution containing N events, the left-hand side of Eq. 7 is approximately equal to
since for large N , the sum over the observed events provides a good approximation to the integral; throughout this paper, this summation is termed "the P l (cos θ Ξ − ) moment" or simply 'the P l moment" of the data. Each assumption for J defines l max , so that P l = 0 for l > l max and the P l are calculable. For J = 1/2, 3/2, 5/2, l max = 0, 2, 4, with the corresponding P lmax values 1/ √ 2, 1/ √ 10 and √ 2/7, respectively. The relation
implies that the number of Ξ(1530) 0 signal events in a given mass interval is well-approximated if each event k is given weight
after efficiency correction [11] and background subtraction.
Since the angular distribution shown in Fig. 2(b) is clearly not flat, Ξ(1530) spin 1/2 is ruled out. In order to test the J = 3/2 (5/2) hypothesis, each event is given a weight [2, 3] (i.e., J P = 3/2 + or J P = 5/2 − ), the present analysis, which shows that J = 3/2, also establishes positive parity, and that the Ξ − π + system which results from the decay is in a P -wave orbital angular momentum state. Here, and in Refs. [2, 3] , it is assumed that the Ξ − has positive parity [1] .
IV. THE Ξ(1530) MASS REGION
Although Fig. 3 clearly establishes spin 3/2 for the Ξ(1530), the analysis of the Ξ − π + system described in the remainder of this paper indicates that a detailed understanding of the data is much less straightforward than Fig. 3 might indicate. If the momentum of the Ξ − in the Ξ − π + r.f. is denoted by q, a Breit-Wigner (BW) amplitude corresponding to orbital angular momentum L should be proportional to the centrifugal barrier factor q L [12] . The lineshape for a Ξ − π + P -wave BW should then be skewed toward high mass values. However, the distribution of Fig. 3(b) , which should represent the square of a P -wave amplitude, appears to be skewed toward low mass values, in contradiction of this expectation. Furthermore, if the distribution in Fig. 3(a) is considered to represent a sum of squares of Ξ − π + amplitudes, for which that in Fig. 3(b) represents the J = 3/2 contribution, their difference would be expected to behave like the background distribution in Fig. 3(a) in the Ξ(1530) 0 region. However, the Ξ(1530) signal in Fig. 3 (b) contains ∼ 4000 events more than that in Fig. 3(a) , as indicated above, so that when the former is subtracted from the latter, the residual distribution exhibits a strong dip in the Ξ(1530) region, and even reaches negative values. This behavior is clearly at odds with a simple interpretation of these distributions.
Moreover, the cos θ Ξ − distribution in the Ξ(1530) (Fig. 4) parametrization which corresponds to J = 5/2 (dashed curve, Eq. 4) is extremely poor, with c.l. 6 × 10 −44 , as would be expected from the projection of Fig. 3(c) . In addition, the distribution of Fig. 4(b) exhibits signs of forward-backward asymmetry.
The above symptoms indicate that a more complicated description is required if a quantitative understanding of the Ξ − π + system is to be achieved.
Strong interactions in the Ξ − π + system may give rise to interference between the resonant P -wave Ξ(1530) amplitude and other Ξ − π + amplitudes. Evidence for interference is seen in the behavior of the P 1 (cos θ Ξ − ) moment of the Ξ − π + system as a function of invariant mass. The distribution shown in Fig. 5 is consistent with the interference pattern resulting from the rapid oscillation due to Ξ(1530) P -wave BW phase motion in the presence of an amplitude with small slowly varying relative phase; the projection would then approximate the real part of the BW amplitude, as observed.
The oscillatory pattern seen in Fig. 5 is not observed for the high and low Λ + c mass sideband regions, which confirms that the pattern is indeed due to Ξ(1530) phasemotion in events produced from signal Λ + c candidates, and is not simply an artifact of combinatorial background. As mentioned above, the P 1 (cos θ Ξ − ) moment for m(Ξ − π + ) < 1.58 GeV/c 2 behaves very much like the real part of the Ξ(1530) BW amplitude, which suggests that the phase of the amplitude yielding the interference effect is close to zero. The proximity of Ξ − π + threshold, and the fact that the interference is seen in the P 1 (cos θ Ξ − ) moment, suggest that the effect is due primarily to the presence of an S-wave
If it is assumed that only total spin J=1/2 and 3/2 amplitudes contribute, and if the description is restricted to S, P and D waves, the following angular distribution for the Ξ − produced in Ξ − π + decay is obtained:
where the amplitude notation is L J .
The angular structure associated with the J = L + 1/2 terms (Eq. 10, first bracket) is identical to that associated with the J = L − 1/2 terms (Eq. 10, second bracket), i.e., there is a Minami ambiguity [13] . It follows that there are more unknown quantities than measurables, so that a complete set of amplitudes cannot be extracted from the data. However, since the Ξ(1530) is a P 3/2 resonance, it is reasonable to attribute the P 1 (cos θ Ξ − ) moment behavior of Fig. 5 to the S 1/2 -P 3/2 interference term of Eq. 10; in addition, D-wave amplitudes would not be expected to be significant for Ξ − π + mass values close to threshold, so that a simple model which incorporates only S 1/2 and P 3/2 amplitudes might describe the data. This would imply that the intensity distribution of Fig. 3(b) corresponds to |P 3/2 | 2 only. However, as discussed above, the difference in the distributions of Figs. 3(a) and (b) dips strongly in the Ξ(1530) region, even reaching negative values, and so cannot be described by |S 1/2 | 2 . This indicates that the data in the Ξ(1530) mass region require a more complicated explanation.
The inclusion of a D 3/2 contribution (Eq. 10) does not solve the problem of the Ξ(1530) mass region described at the end of Section IV, since Fig. 3(b) then corresponds to |P 3/2 | 2 + |D 3/2 | 2 and Fig. 3(a) to
If the model is extended to include a D 5/2 amplitude, the Legendre Polynomial moments, P 0 -P 4 , are expressed in terms of the amplitudes as follows:
(11)
These five equations involve nine unknown quantities (five amplitude magnitudes and four relative phase angles), and so cannot be solved. Additional input from polarization moments is required. Such an analysis is beyond the scope of the present paper. If we assume that the P 1/2 and D 3/2 amplitudes can be ignored, Eqs. 11-15 can be solved in principle. However, as is discussed below, even such a simplified model encounters difficulties in the Ξ(1530) region. In the context of this model, the absence of any significant P 4 moment in Fig. 3(c) indicates via Eq. 15 that |D 5/2 | must be small. However, since P 3/2 is large, P 3/2 − D 5/2 interference might be seen in the massdependence of the P 3 moment (Eq. 14). This is shown in Fig. 6 , where small, but significant, deviations from zero are in fact observed. Since there is a P 3/2 −D 5/2 interference contribution to Eq. 12, an improved measure of the mass dependence of S 1/2 − P 3/2 interference is obtained by subtracting ( √ 21/2)P 3 from P 1 . The P 1 − ( √ 21/2)P 3 distribution is shown in Fig. 7 , and the dip in the mass region 1.63 − 1.70 GeV/c 2 of Fig. 5 has been removed by this procedure. Before the Ξ(1530) region is examined in more detail, the behavior of P 1 −( √ 21/2)P 3 is considered in the mass region above ∼ 1.6 GeV/c 2 . It is interesting to consider this in comparison to the distribution of Fig. 3(a) with the Ξ(1530) region sup- pressed (Fig. 8 ), which shows a significant decrease in intensity at ∼ 1.7 GeV/c 2 . As mentioned previously, the behavior of the P 1 moment in the Ξ(1530) region indicates a small S 1/2 amplitude with phase ∼ 0 deg. relative to the P 3/2 amplitude in order that P 1 closely resemble the real part of the Ξ(1530) BW amplitude. If the S 1/2 amplitude did not change significantly at higher mass values, the BW amplitude would cause P 1 to approach zero from below with increasing mass. Instead, P 1 passes through zero at ∼ 1.6 GeV/c 2 and remains positive thereafter (Fig. 7) . Since P 1 represents the projection of the S 1/2 amplitude onto the P 3/2 amplitude, this means that the S 1/2 phase is increasing significantly, is only 90 deg. behind the P 3/2 phase at ∼ 1.6 GeV/c 2 where P 1 is ∼ 0, and continues to increase at higher mass. The dip in the mass distribution of Fig. 8 is in the vicinity of the Ξ(1690), which is known to have a small coupling to Ξ − π + [14] . This dip could occur as the result of the coherent addition of a small, resonant Ξ(1690) amplitude to the slowly increasing S 1/2 amplitude, as shown schematically by the cartoon of Fig. 9 . Here the large circle represents a slowly-varying non-resonant S 1/2 amplitude for which the phase reaches 90 deg. at mass ∼ 1.6 GeV/c 2 , relative to a P 3/2 amplitude; the latter should be approximately aligned with the negative real axis at this mass value. As the phase increases beyond 90 deg., the S 1/2 projection on the P 3/2 amplitude [i.e., P 1 ] will increase as seen in Fig. 7 . The small circle represents the subsequent coherent addition of a small resonant Ξ(1690) amplitude. The resultant amplitude will then yield a dip in overall intensity in the Ξ(1690) region with very little effect on the phase, and hence on P 1 (cf. Fig. 7) . The inference which can be drawn is that the Ξ(1690) decays strongly to the Ξ − π + system in an S-wave orbital state, and hence that it has spin-parity 1/2 − . As such, this represents the first experimental information on the spin-parity of the Ξ(1690). Spin 1/2 is favored also by an analysis of the Dalitz plot corresponding to the decay process Λ + c → ΛK 0 K + [15] . The behavior of the S 1/2 amplitude described above is remarkably similar to that obtained for the I = 1/2 S-wave K − π + scattering amplitude in the LASS experiment [16] . There the slow, monotonic increase in the S-wave amplitude at low mass is described by an effective range parametrization. The phase reaches ∼ 90 deg. before the coherent addition of a resonant K * 0 (1430) contribution takes effect, and the resultant amplitude decreases quickly almost to zero. The main difference in the K − π + case is that the resultant amplitude remains elastic (within error) up to Kη ′ threshold, so that the decrease in S-wave intensity is quite substantial. Since the Ξ(1690) decays significantly via modes other than Ξ − π + , a similar mechanism would be expected to yield less dramatic results, as is in fact observed in Fig. 8 . This similarity between Kπ and Ξπ scattering amplitudes may be an example of the proposed effective supersymmetry between mesons and baryons involving the replacement of a light anti-quark in the meson by a light diquark to form the related baryon [17] . For I = 1/2, the amplitudes describing K − π + scattering are the same as for K + π − , and similarly those describing Ξ − π + scattering are proportional to those for Ξ 0 π − scattering; K + π − scattering is then converted to Ξ 0 π − scattering by replacing thes quark in the K + with an (ss) diquark to obtain the Ξ 0 . In Ref. [17] , the effective symmetry is demonstrated by relating various baryon-baryon and meson-meson mass differences with impressive precision. It seems reasonable to conjecture that this symmetry might also be manifest in the dynamics of appropriately related meson-meson and baryon-meson scattering processes.
VI. THE Ξ(1530)
0 LINESHAPE
In the Ξ(1530) region, S 1/2 − D 5/2 interference does in fact contribute to the P 2 moment distribution in Fig. 3(b) (cf. Eq. 13), but not to the distribution in Fig. 3(a) (cf. Eq. 11), so that the Ξ(1530) signal in Fig. 3(b) might be larger than that in Fig. 3(a) . In addition, this contribution might distort the lineshape in Fig. 3(b) , but should not affect that in Fig. 3(a) , which is obtained by integration over cos θ Ξ − . In order to test this conjecture, fits to the distributions in Figs. 3(a) and 3(b) are performed in which the Ξ(1530) lineshape is described by
where C is a constant, p is the momentum of the K [12] with radius parameter R, and, for example,
is chosen [16] . The Ξ(1530) mass is m 0 , and Γ tot (m) its mass-dependent total width, which consists of the sum of partial widths to Ξ 0 π 0 and Ξ − π + . If the mass differences between these modes are ignored, the mass-dependent total width is then
where Γ 0 is the width of the Ξ(1530), and q 0 = q(m 0 ). For the fits to the data of Fig. 3(a) , an incoherent background function of the form
is included also. In each fit, the fit function is convolved with a mass resolution function consisting of two Gaussian distributions with a common center and fixed fractional contributions, but with r.m.s. deviation values which depend on Ξ − π + invariant mass. For the resolution function, the resulting half-width-at-half-maximum increases from ∼ 0. 2 and Γ 0 = 13.2 ± 0.5 MeV for Fig. 10(a) ). If the Blatt-Weisskopf radius parameter is allowed to be free, an acceptable fit to the mass distribution is not obtained (c.l. ∼ 10 −3 ), the residuals still show systematic deviations from zero, and the mass and width values obtained still differ significantly from their PDG values. Similarly, the fit to the P 2 moment mass dependence with mass, width and radius parameters free remains poor (c.l. ∼ 10 −7 ); in addition, the radius parameter increases to ∼ 100 GeV −1 (which is equivalent to the use of an S-wave Breit-Wigner) in an attempt to reproduce the observed lack of skewing toward high mass expected for a P -wave decay. Since the P -wave nature of the decay has been establised, this is certainly an unacceptable result.
As a check of the signal parametrization of Eq. 16, this function (with R = 3 GeV −1 ) has been used in fits to the published Ξ − π + mass distributions from four of the experiments [18] [19] [20] [21] used to obtain the PDG mass and width values [1] . These are Hydrogen Bubble Chamber experiments, and each mass distribution is obtained as the projection of the Dalitz plot for the reaction [19] uses some additional contributions). The analysis samples are small (125, 350, 324, and 1313 events, respectively), and the details of the fit functions used in Refs. [18] [19] [20] [21] are not made clear. It is found that the non-resonant background contributions are well-described using only the (p · q) phase space factor of Eq. 18, and Eq. 16, convolved with a Gaussian of r.m.s. deviation specified for each experiment, is used to represent the Ξ(1530) signal. Good c.l. values are obtained, and the resulting weighted average mass (1532.2 ± 0.2 MeV/c 2 ) and width (9.9 ± 0.5 MeV) values agree well with those from the PDG [1] . This indicates that the choice of signal and background functions is not the reason for the poor-quality fits to the data of Fig. 10 . Furthermore, since no significant improvement in fit quality is observed in going from the P 2 fit to the P 0 fit, it follows that the difficulty in fitting the former cannot be attributed to the presence of an
interference contribution, since this would not be present for the latter. This striking failure to describe the most obvious feature of the Ξ − π + K + Dalitz plot leads to the conclusion that a satisfactory description of the observed (m(Ξ − π + ), cos θ Ξ − ) distribution cannot be obtained in terms of amplitudes pertaining solely to the Ξ − π + system. The difficulties probably result from overlap and interference effects involving amplitudes associated with the K + π + and/or the Ξ − K + systems (if the possibility of direct three-body decay is ignored). The K + π + system has I = 3/2, and has been observed to have only an S-wave amplitude, which varies slowly with mass in the relevant region (≤ 1 GeV/c 2 ). It seems unlikely that such an amplitude could lead to significant distortion of the mass and cos θ Ξ − dependences of the Ξ − π + system, but the relevant quantitative analysis has not yet been attempted. In contrast, the Ξ − K + system could have contributions from high-mass Λ or Σ 0 resonant structures in the region of overlap with the Ξ(1530) (> 2 GeV/c 2 , cf. Fig. 2(a) ). Very little is known about such states or their couplings to Ξ − K + [1] , and there is no clear evidence for their presence in the Dalitz plots of 
VII. CONCLUSION
In conclusion, the analysis of the Legendre Polynomial moments of the Ξ − π + system which result from data on the decay Λ + c → Ξ − π + K + has established quite clearly, on the basis of Figs. 3 (b) and 3 (c) , that the Ξ(1530) hyperon resonance has spin 3/2. In conjunction with previous analyses [2, 3] , this also definitively establishes positive parity, and hence that the Ξ(1530) is a P 3/2 resonance. However, comparison of the P 2 (cos θ Ξ − ) moment to the Ξ − π + mass distribution, and fits to the angular decay distribution in the Ξ(1530) region, indicate that it is necessary to include other Ξ − π + amplitudes in order to obtain a complete description of the data. In particular, the observation of a P 1 (cos θ Ξ − ) moment exhibiting oscillatory behavior in the Ξ(1530) 0 region indicates the need for an S 1/2 amplitude, while providing first evidence for the expected rapid BW phase motion of the P 3/2 Ξ(1530) 0 amplitude. However, a simple model incorporating only these amplitudes and a D 5/2 amplitude is ruled out because of the failure to describe the Ξ(1530) 0 lineshape. The presence of the S 1/2 amplitude at high mass, and the behavior of the mass distribution at ∼ 1.7 GeV/c 2 , suggest that a resonant Ξ(1690) 0 amplitude may be adding coherently to this amplitude, thus leading to the inference of spin-parity 1/2 − for the Ξ(1690). It appears that a quantitative description of the Ξ(1530) lineshape, and indeed of the entire Dalitz plot, must incorporate these features together with amplitude contributions associated with the K + π + and/or the Ξ − K + systems. An analysis of this complexity will be performed when the full BABAR data sample (integrated luminosity approximately 500 fb −1 ) is available.
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